Background/aims Levobupivacaine, the S(-)-enantiomer of racemic bupivacaine, is associated with a similar efficacy but a reduced potential for cardiovascular and central nervous system toxicity than racemic bupivacaine. Thus, this prospective, randomised, double-masked study was undertaken to assess the efficacy and safety of 0.75% levobupivacaine vs 0.75% bupivacaine, each with hyaluronidase, for peribulbar anaesthesia. Methods A total of 60 patients undergoing elective anterior segment surgery were randomly allocated to receive either agent by a single, inferotemporal peribulbar injection technique, supplemented with a medial canthus injection if necessary. Ocular akinesia and orbicularis oculi function were assessed by scoring systems at 2 min intervals until satisfactory akinesia was achieved, and movements were reassessed on the day after surgery to confirm regression of the block. Results The time taken to reach a state of satisfactory anaesthesia and akinesia was deemed to be the primary measure of efficacy. Both agents achieved this in a similar median time of 2 min after receiving 5 ml of the injectate, and the treatment difference was not statistically significant (P ¼ 0.24). Blood samples from the first 20 patients were taken at intervals up to 4 h. These were analysed for plasma levels and confirmed similar plasma concentration vs time profiles for the two agents. Seven patients in each group (23%) complained of pain on injection but the technique was generally well tolerated. Two patients in the levobupivacaine group experienced serious adverse events, but neither was considered related to the study medication. The most common minor
Introduction
Regional ocular anaesthesia was first performed by Kö ller in 1884 1 using cocaine and represents the first description of a local anaesthetic technique. In the same year, Knapp 2 instilled cocaine into the eye to produce a retrobulbar block, but a significant complication rate 3, 4 restricted its popularity and there continued a need for a safer technique. Since the first description of the peribulbar block in 1986 by Davis, 5 it has emerged as an extremely popular local anaesthetic technique for anterior segment surgery, particularly amongst nonopthalmologists. [6] [7] [8] The most frequently used local anaesthetic mixtures include bupivacaine, as a racemic mixture, in combination with lidocaine and varying quantities of hyaluronidase. Although used extensively, racemic bupivacaine has occasionally displayed serious dose-related adverse drug reactions, and even death as a result of its cardiotoxicity. 9, 10 However, levobupivacaine, the isolated S(-)-isomer of bupivacaine, has shown less cardiotoxicity than racemic bupivacaine in animal studies, both in vitro 11 and in vivo, 12 while possessing equivalent efficacy. 13 The aim of this study was to compare the efficacy and safety of 0.75% levobupivacaine with a 0.75% racemic mixture of bupivacaine in peribulbar anaesthesia.
Materials and methods
With local ethics committee approval and written, informed consent, 60 day-case or overnight-stay patients undergoing elective anterior segment surgery, and aged 18 years or over, were recruited into the study over a 5-month period. Patients assessed as ASA IV, those with a severe visual handicap in the other eye, potentially pregnant women and those unable to give adequate consent were excluded.
The primary measure of efficacy was defined as the time taken to reach satisfactory akinesia for surgery (an akinesia score of 12 or more). It was felt that a betweengroup difference of 5 min for this variable would be clinically significant. A previous study estimated the between-patient standard deviation to be 6.2 min (KE Klubein and AP Rubin, personal communication with Inveresk Clinical Research). Therefore, a sample size of 30 patients in each group would provide a greater than 80% chance of detecting a 5 min difference (a ¼ 0.05). 14 Patients were allocated randomly to one of two groups in blocks of 10 from a computer-generated series. Group 1 were to receive 0.75% levobupivacaine, and group 2 were to receive 0.75% bupivacaine, each with 75 units/ml hyaluronidase. The trial drug was provided in patientspecific, sealed packaging. Initially, 10 ml of the mixture was drawn into a syringe by a member of staff not otherwise involved in the study.
After recruitment, all patients were assessed preoperatively. Patient characteristics and details of concurrent disease and medication were recorded. No premedication was prescribed. An intravenous cannula was inserted into a superficial upper limb vein, and continuous ECG monitoring, noninvasive blood pressure measurement, and pulse oximetry were established.
With the patient in the supine position, 2-3 drops of 1% benoxinate were administered to provide conjunctival anaesthesia, and a pretreatment assessment of ocular movement was made in accordance with the scoring systems described below. After 2 min, with the patient's eyes in the primary gaze position, a peribulbar block was performed by the same anaesthetist (GCC) in all subjects. A 31 mm, 25G, long-bevelled needle was inserted inferotemporally through the skin, above the orbital rim, with the bevel towards the globe. The needle was advanced posteriorly beyond the equator of the globe, then given a slight superiomedial angulation towards the apex of the ocular muscle cone. At a depth of 20-25 mm, and after aspiration, 5 ml of the randomly assigned study drug was injected over 30-40 s.
The completion of this injection was deemed to be time zero for the purpose of subsequent assessments. Following the injection, a Buys' mercury bag was placed over the closed and padded eyelid.
Akinesia of the four recti muscles, superior oblique, levator palpebrae superioris, and orbicularis oculi was assessed at 2, 4, 6, 8, 10, 15, 20, 25, and 30 min after the end of the first injection, or until a satisfactory block was achieved. Orbicularis oculi function was scored according to the scale shown in Table 1 , and the remaining muscles were scored according to the scale shown in Table 2 . Complete akinesia of all muscles would score 24. An adequate block requiring no further injection of local anaesthetic was attained when the total score for the recti muscles superior oblique and levator palpebrae superioris had reached 12 and the orbicularis oculi score had reached 2.
If after 10 min the block remained inadequate, a second injection could be administered medially between the caruncle and the medial canthus. A 25 mm, 25G, longbevelled needle was directed posteriorly to a maximum of 15 mm and, after aspiration, a further 5 ml of randomly assigned study drug was injected from the original syringe over 30-40 s. The protocol also permitted a third injection of 3-5 ml if the block remained inadequate after 15 min.
The total volume of anaesthetic agent required was recorded along with an assessment of the degree of discomfort on injection (no pain ¼ 0, some pain ¼ 1, much pain ¼ 2). The quality of the operating conditions was assessed as excellent, satisfactory, or poor by the surgeon.
Pharmacokinetic blood samples were taken from the first 20 patients. A 16G intravenous cannula was sited, under 1% lidocaine, in the antecubital fossa and 6 ml venous blood samples were taken before drug administration, at time 0, and at 10, 15, 30, 45, 60, 120 and, where possible, 240 min after the placement of the block. These were centrifuged at 500 g for 10 min at 41C, and the plasma fraction assayed for drug concentration.
Comparisons were made between the mean peak plasma drug concentrations (C max ) and the mean area under the plasma drug concentration vs time curves (AUC0-t hrs where t was the time of the last postinjection sample) for total bupivacaine and levobupivacaine. Levobupivacaine values were adjusted for dose formulation and divided by two for comparison with the levobupivacaine fraction of the racemic mixture.
At the routine ophthalmic review on the day after surgery, a further assessment of the eye movement was made in all patients to confirm regression of the block. Reports of mild, moderate or severe postoperative pain and any postoperative analgesia requirements were recorded by means of prescription charts or, in the case of day-case patients, from diary cards. Finally, 7 days after the operation, each patient was contacted by telephone to confirm their well-being.
The statistical package SAS (v6.07) was used to perform all statistical analyses on the clinical data. Since the akinesia assessments were made at set times and the time to satisfactory block could only take a limited number of values, an assumption of data normality would have been doubtful. The time to onset of a satisfactory block was, therefore, compared using a LOGIT model. Data relating to the degree of pain on injection, the degree of postoperative pain, and the quality of the surgical conditions were analysed using a LOGIT model or a Fisher's exact test as appropriate. The time to the first requirement for postoperative analgesia was compared using the Wilcoxon test. The plasma concentration data were analysed, assuming a noncompartment model, using the SIPHAR (v4.0) pharmacokinetic modelling package. All tests used a significance level of 5%.
Results
A total of 60 patients were recruited, all of whom completed the study. Their demographic characteristics are shown in Table 3 and are similar for both groups.
All patients reported concurrent disease at preoperative screening, and with the exception of the endocrine, nutritional, metabolic, or immunity category, the occurrence of the various conditions was spread evenly between the two groups.
Efficacy evaluation
The primary efficacy variable was the time to onset of a block adequate for surgery. The results are summarised in Table 4 , and illustrated in Figures 1 and 2 . Statistical analysis produced an odds ratio of 0.51, suggesting that the odds of levobupivacaine taking longer to achieve an adequate peribulbar block were almost twice that of bupivacaine. Despite this, the difference was not statistically significant at this sample size (P ¼ 0.24).
Operative conditions were generally very good and there was no significant difference between the two groups in their quality (P ¼ 0.52). However, two patients in the levobupivacaine group (who were operated on by the same surgeon) required supplementary injections to block orbicularis oculi.
Seven patients in each group complained of some pain on injection, but only one patient (in the bupivacaine group) complained of some pain postoperatively, and no patients complained of much pain. This result was Figure 1 Distribution of the time taken to reach satisfactory block for the levobupivacaine group (Gp1) and the bupivacaine group (Gp2).
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Levobupivacaine vs bupivacaine DJ Birt and GC Cummings shown to be nonsignificant (P ¼ 1.00) using a Fisher's exact test. No significant differences were found between the groups in the time to first postoperative analgesia (P ¼ 0.63).
Safety evaluation
A total of 25 adverse events (14 in the levobupivacaine group and 11 in the bupivacaine group) were reported by 22 patients and their distribution is summarised in Table 5 . Two patients (both in the levobupivacaine group) experienced serious adverse events during the study period. One patient (004) developed a postoperative urinary tract infection and the other (028) developed a subconjunctival haemorrhage during the surgical procedure. Both events involved an extension in the hospital stay and were, therefore, defined as serious. However, neither adverse event was judged to be related to the study medication.
Less serious adverse events that were judged to be possibly related to the study medication were reported by 16 patients (nine patients in the levobupivacaine group and seven in the bupivacaine group). The most commonly reported event (four patients in the levobupivacaine group and five in the bupivacaine group) was a prolongation of the local anaesthetic block confirmed by residual akinesia and diplopia on the day after surgery. This was judged as definitely related to the study medication. Eye pain occurring at some time during the first postoperative day was reported by four patients in the levobupivacaine group and three patients in the bupivacaine group. This was associated with diplopia, but both symptoms had invariably resolved by the time of the initial postoperative review. These events were considered as possibly related to the study medications. All patients recovered fully, and the safety profiles of the two drugs were similar.
Pharmacokinetic evaluation
Mean plasma concentration vs time profiles are illustrated on linear scales in Figures 3 and 4 , and allowed the calculation of some pharmacokinetic values. Although there were no adverse clinical signs and the patient received adequate anaesthesia for surgery, data from patient 018 (levobupivacaine group) were excluded from the calculation as the concentration profile suggested that at least part of the injection may have been intravenous.
There was no significant difference between the mean values of the AUC0-t hrs and the C max for the total bupivacaine profiles (P ¼ 0.38 and 0.16, respectively) or the adjusted levobupivacaine profiles (P ¼ 0.78 and 0.49, respectively).
Discussion
This study has demonstrated that levobupivacaine and bupivacaine are equally successful in achieving clinically satisfactory peribulbar anaesthesia with few adverse effects.
The peribulbar technique we used was chosen owing to its safe reputation, being distant from the vessel-rich medial compartment, and the familiarity of this method to the authors. Although a 31 mm needle was preferred by the anaesthetist performing the blocks (GCC), the description of this unorthodox technique in this paper does not imply that it should be widely adopted. The slight superiomedial angulation delivers local anaesthesia deep into the peribulbar space and may partially account for the high success rate after a single injection when compared with previous studies. 6, 7 There was also a notably short onset time, which could have Patients with serious adverse events 2 0 Deaths 0 0 a Drug-related adverse events are defined as those assessed by the investigator as being possibly related or definitely related to the study medication.
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Levobupivacaine vs bupivacaine DJ Birt and GC Cummings been a result of the higher concentration of local anaesthetic used; with only one exception, an adequate block was achieved in either 2 or 4 min. However, we did not make a direct comparison with the bupivacaine and lidocaine mixes used in most of these studies, and a separate study would be required to directly compare onset times and drug volumes. Scoring systems are frequently used in the assessment of ocular muscle function. 5, [15] [16] [17] However, there is no accepted standard systemFa fact that hinders comparison between studies. Our system resembled several other previously described methods, but any method using the sum of a scoring system as an end point can be criticised for its subjective influences, and the ability to achieve the same score through different observations. All our peribulbar blocks clearly achieved satisfactory scores in terms of the protocol, although two patients required supplementary injections of lidocaine to achieve full akinesia of the orbicularis oculi. Nevertheless, we were satisfied that our scoring system and primary measure of efficacy were sufficiently sensitive to establish anaesthetic efficacy.
Both local anaesthetic preparations appeared to be well tolerated and produced good surgical conditions with few adverse reactions. What was disappointing was the relatively high number of patients (23% in each group) who complained of some pain during, or immediately after, the peribulbar injection. This may be attributable to the high concentration of the test drug, the relatively deep placement of the injection, or to the use of the transcutaneous route. The occurrence of prolonged blockade was a feature not previously reported, and is presumably related to the relatively high concentration of both the local anaesthetic preparations. Again, a direct comparison with bupivacaine/lidocaine mixtures may help to establish this connection.
Although bupivacaine remains an extremely popular anaesthetic, its use has been overshadowed by its toxicity profile. LD 50 studies in rats and mice indicate the dextrobupivacaine isomer to be 30-40% more toxic than its levo-rotated counterpart. 18 The predominant cause of death is a specific cardiotoxicity without antecedent hypoxia, resulting in arrhythmias and cardiovascular collapse. This was first reported in humans by Albright 
Levobupivacaine vs bupivacaine DJ Birt and GC Cummings in 1979 as a series of six cases. The estimated total bupivacaine plasma level at which this occurs is 4-5 mg/ml. 10 The plasma concentration from the racemic bupivacaine group demonstrated a mean peak plasma level of 0.281 mg/ml, further supporting the safe reputation of the peribulbar technique.
The main mechanism for the cardiotoxicity is probably through its local anaesthetic action of blocking sodium channels. In animal preparations, this blockade results in a reduction of the maximum rate of depolarisation (n-max) and a slowing of action potential conduction. 19 This predisposes the myocardium to re-entrant arrythmias. Further animal studies comparing the isomers of bupivacaine indicate a higher affinity and, therefore, a greater inhibition of the n-max with dextrobupivacaine than with levobupivacaine. 20 The dextro-enantiomer's greater affinity for myocardial potassium channels is even more marked, 21 and this may also be partially responsible for its cardiotoxicity. Furthermore, there is evidence that the local anaesthetic action on the cardiovascular centre of the brain may make an indirect contribution to the cardiovascular collapse. The dextro-enantiomer again has the more marked depressive effect on the central nervous system. 22 The reduced sodium channel affinity and improved potential for safety of levobupivacaine does not seem to occur at the expense of its local anaesthetic action on nerve cells. Indeed, the duration of action for levobupivacaine may be prolonged because of a vasoconstrictor action unique to this isomer. Prolonged nerve blockade was reported as an adverse effect in our study, but levobupivacaine did not appear to be the main culprit. Studies by Aps and Reynolds 23 on volunteers and by Fernandes and Simmonetti 24 on isolated human blood vessels have produced contrasting results. Further work is required to clarify this characteristic of levobupivacaine.
The ability to produce purified subgroups of certain drugs has the potential to considerably improve patient safety. Indeed, there may arise an ethical and, subsequently, a legal requirement to prescribe a single drug enantiomer if it has been shown to be the safest preparation, and is equally effective. Our plasma concentration data suggest that bupivacaine toxicity would have been unlikely with the quantities of racemic bupivacaine used, but levobupivacaine would seem to provide an equivalent local anaesthetic agent for peribulbar block.
